INTRODUCTION

9
Enterobacter bugandensis is a rod-shaped and Gram-negative pathogen that was first 4 0 isolated from blood samples and powdered milk in a neonatal ward of the Bugando Medical Centre 4 1 (Mwanza, Tanzania) [1]. Carrying a plasmid-borne bla , the lethal EB-247 strain had its 4 2 genome sequenced, which was the first finished E. bugandensis genome (GCF_900324475.1) [2, 4 3 3]. Urbaniak et al. [4] later reported the complete genome sequencing of several E. bugandensis 4 4
isolates from the International Space Station (ISS). Notably, all these ISS strains showed resistance 4 5 to cefazolin, cefoxitin, ciprofloxacin, erythromycin, gentamicin, oxacillin, penicillin, rifampin, and 4 6 tobramycin, imposing health risks to ISS crew [4] .
7
The massive and often inadequate use of antibiotics have been accelerating the development 4 8 of antimicrobial resistance (AMR) worldwide [5] . Reports of multidrug-resistant (MDR) 4 9
Enterobacter isolates are on the rise and already reached an emergency level [6] , mainly due to the1 4 0
Molecular subtyping of E. bugandensis 1 4 1
Although serological approaches are a gold standard in bacterial strain typing, such 1 4 2 methods sometimes fail in predicting genomic relatedness [30] . Over the past decade, core-and 1 4 3 whole-genome multilocus sequencing typing (cgMLST and wgMLST, respectively) have received 1 4 4 considerable attention in bacterial epidemiology [17, 31] . We applied both these methods to analyze 1 4 5 the population structure of E. bugandensis. We used 311,598 SNPs extracted from the 3,167 core 1 4 6 genes to perform a maximum-likelihood phylogenetic reconstruction (i.e. cgMLST; Figure 2 ) to 1 4 7
analyze the general population structure of E. bugandensis. We recovered five distinct phylogroups 1 4 8 (PGs) with high statistical support. Nevertheless, several strains (e.g. E. bugandensis UENF-21GII) 1 4 9
were not assigned to any PG, indicating that additional groups will be detected when a more diverse 1 5 0 collection of E. bugandensis genomes become available. An expanded investigation of the E. 1 5 1 bugandensis population structure using GBG wg and cgMLST dendrograms ( Figure S2 and S3, 1 5 2 respectively) also supported the clustering patterns observed above, with the exception of the PG-C 1 5 3 group. The slight incongruences between GBG-and SNP-based approaches are not surprising given 1 5 4 the nature and assumptions of these methods. The long branch length of MBRL 1077 in the SNP 1 5 5 cgMLST phylogenetic tree ( Figure 2 ) supports this strain as a representative isolate of PG-C, which 1 5 6 was poorly represented among publicly available genomes. Next, we screened the content of accessory and unique genomes. To illustrate the gene 1 9 5
presence/absence profile of each strain, we mapped the resistance genes on the SNP-cgMLST tree 1 9 6
( Figure 4 ). Many acquired resistance genes potentially confer resistance to quinolones (qnrB17), 1 9 7 aminoglycosides (aadA), fosfomycin (fosA), and macrolides (srmB) in E. bugandensis (Table S7 ). 1 9 8
The bla IMI-1 carbapenemase gene was found in two strains (50588862 and MBRL 1077). In 1 9 9 addition, we report for the first time the presence of the New Delhi metallo-β-lactamase-5 (bla NDM-5 ) 2 0 0 co-occurring with bla CTX-M-55 in E. bugandensis (strain WCHEB090029; Figure 4 , Table S4 ).
0 1
The bla The E. bugandensis accessory virulome (Table S8) shows that the PG-A, composed only by 2 2 1 ISS isolates (Figure 2 ), possesses extra capsule production genes (i.e. kvgAS) ( Figure 5 Notably, all PG-E isolates harbor the full iroBCDEN operon (Figure 2 ), indicating that this region 2 2 8 might have been horizontally transferred to the common ancestor of this group. Thus, we 2 2 9 investigated the presence of GIs in the only complete genome available in the PG-E (II BT-08; 2 3 0 accession GCA_000515295 [22] ). GI3, encompassing 11,148 bp, harbors the entire iroBCDEN 2 3 1 operon, confirming the horizontal transfer of this region. We also found other 31 putative GIs in this 2 3 2 strain (Table S9 ).
3 3
Our results reveal an alarming antibiotic resistance profile in E. bugandensis, especially due 2 3 4
to the presence of ESBLs. We also uncovered a sophisticated iron acquisition system and showed 2 3 5 the presence of a salmochelin operon that is conserved in several strains, including all PG-E 2 3 6
isolates, further supporting the monophyly of this PG. In addition, we showed that the ISS isolates 2 3 7 belong to a separate phylogroup (PG-A) and share genes involved in capsule production. We also 2 3 8 report, for the first time in E. bugandensis, the co-occurrence of the ESBLs bla CTX-M-55 and bla were acquired from Vetec (São Paulo, Brazil). From the last dilution (10 -7 ) and after the isolation 2 6 4 and purification on Dygs solid medium, a brown, circular, punctiform and smooth surface bacterial 2 6 5 colony was selected. Phase contrast microscopy revealed the presence of rod-shaped motile cells 2 6 6
and Gram-negative stain under light microscopy. This distinctive isolate, named UENF-21GII, was 2 6 7 stored in a 16 mL glass flask containing 5 mL of Nutrient Broth solid medium covered with mineral 2 6 8 oil and, later, grown in liquid Dygs medium using a rotatory shaker at 150 rpm and 30 °C for 36 h. 2 6 9
Total DNA of the UENF-21GII isolate was extracted using QIAamp® DNA Mini Kit (QIAGEN 2 7 0 GmbH, Hilden, Germany). DNA quantification and quality assessment were performed using an 2 7 1 Agilent Bioanalyzer 2100 instrument (Agilent, California, USA). 2 7 2 2 7 3
Genome sequencing and assembly 2 7 4
The sequencing procedures and basic data processing were performed as previously 2 7 5
described [53] . In summary, paired-end libraries were prepared with the TruSeq Nano DNA LT 2 7 6
Library Prep (Illumina) and sequenced on a HiSeq 2500 instrument at the Life Sciences Core 2 7 7
Facility (LaCTAD; UNICAMP, Campinas, Brazil). SNPs extracted from the core-genome were used to build a maximum likelihood phylogenetic tree 3 3 0 using RAxML (see methods for details). Bootstrap values below and above 60 % are represented by 3 3 1 orange and gray circles, respectively. Arrowheads and stars represent reclassified E. cloacae and 3 3 2
Enterobacter spp. strains, respectively. the population structure analysis (see Figure 2) . The main findings include the presence of an 3 5 5 additional capsule system (kvgAS) in ISS isolates (PG-A, in green) and the presence of a 3 5 6 salmochelin (iroBCDEN) operon across 11 strains, including all PG-E isolates (in blue). 3 5 7 3 5 8
